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INTRODUCTION
According to  Ashby (19U5) when the environment i s  no longer 
s a t is fa c to ry  the organism engages in  adaptative  behavior d irec ted  toward 
a more sa tis fa c to ry  adjustm ent. This behavior co n sis ts  of tran sac tio n s  
w ith the environment c a rried  on through the organism’s various sense 
m o d a litie s . In  order fo r  successfu l adaptation  to  occur the sense 
m odalities and the environment must be in  a coherent re la tio n sh ip . 
Coherence im plies th a t the  sensory input of a l l  m odalities must be 
in teg ra ted  w ith the  lo ca tio n  and o r ie n ta tio n  of ob jec ts  in  the environ­
ment. I f  one sense m odality, e .g . ,  v is io n , i s  d is to r te d  a c o n flic t  
a r is e s  w ith in  the organism due to  the sensory input received  by the 
d is to r te d  and un d isto rted  sense m odalities . The organism must then 
reso lve  th is  c o n flic t  by m aintaining contact w ith  the environment on 
the b a s is  of the u n d isto rted  sense m o d a litie s . One method of d is to r tin g  
the fa m ilia r  v isu a l re la tio n sh ip  between the organism and th e  environ­
ment involves the use of prisms which in v e rt the v is u a l  f ie ld  so th a t 
the environment i s  perceived as up-side down* The organism must then 
reso lve the c o n flic t  between stim u la tio n  from the seen environment and 
s tim u la tio n  from the f e l t  or aeted-toward environment, i . e . ,  the en­
vironment as the other u n d is to rted  sense organs r e f le c t  i t .
Since the study to  be proposed is  concerned w ith  the  ro le  of 
a c tio n , environment and sex d ifferences w ith tasks req u irin g  d if fe re n t 
kinds of sensory-motor behavior under v isu a l in v ers io n , previous s tu d ies  
dealing w ith these  fa c to rs  w i l l  be examined. S p e c if ic a lly , the ro le  of 
ac tive  movement versus passive or r e s t r ic te d  movementj the e f fe c t  of
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having manipulable objects in  an environment versus a homogeneous en­
vironment (one having no manipulable o b je c ts ) | and the ro le  of sex 
d iffe ren c e s .
A c tiv ity  v s . P a ss iv ity ?: S tudies by S tra tto n  (1897) s Snyder and Pronko
(19^2) and Held, e t  a l. (1958} 1959} 196l) suggest the importance fo r  
adap tation  of ac tiv e  movement by the sub jec t but only p a r t ly  in d ica te  
the mechanism whereby th is  might occur* These s tud ies  in d ica te  th a t  
adap tation  takes place more re a d ily  when the sub jec t i s  a c tiv e ly  ra th e r  
than passive ly  involved w ith the ta s k . One of the f i r s t  s tu d ies  was 
done by S tra tto n  (1897) • He reported  th a t ’’ac tive  movement'® involving 
ta c tu a l  s tim u la tio n  in  co n trast to  more ’’passive viewing” did  much to  
re in te g ra te  the v isu a l sense w ith  the o ther m odalities , ’’ . . . t h e  most 
harmonious experiences were obtained during ac tiv e  operations on the 
scene before me. In  ra p id , complicated, y e t p rac ticed  movements, the 
harmony of the lo c a liz a tio n  by s ig h t and th a t  by touch or motor per­
cept i o n . . .  came out w ith  much g rea te r fo rce  than  when I  s a t  down and 
passively  observed the scene .’* Snyder and. Pronko (1952) in  a more 
recen t study th a t  a lso  used one sub ject and involved a v a r ie ty  of motor 
ta sk s , found th a t  a c t iv i ty  in  w ell p rac ticed  tasks (walking and ea tin g ) 
under v isu a l inversion  improved most rap id ly  in  con trast to  a c t iv i ty  in  
le s s  fa m ilia r  task s (card  so rtin g , e tc .-) .
A se r ie s  of stud ies s p e c if ic a lly  emphasizing the  ro le  of a c t iv i ty  
versus p a s s iv ity  and which do suggest a mechanism fo r  adap tation  was 
conducted by Held and o th e rs . These s tu d ies  suggest th a t  ac tive  movement 
by the  sub jec t f a c i l i t a t e s  visuo-motor adap tation  to  a g rea te r ex ten t 
than  when the sub ject i s  passiv e ly  moved about or remains m otionless.
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Held's explanation of adap tation  to  v isu a l inversion  was based on Von 
H o ls t 's  (1962) theory  of afferenee and effe rence . According to  Von 
H olst, ex te rn a l s tim u la tio n  produces a ffe re n t impulses in  the c e n tra l 
nervous system,. These impulses in  tu rn  produce body movement which in  
tu rn  create  re a ffe re n t impulses which are a p a rt of the motor responses 
of the organism„ Both the a ffe re n t and the re a ffe re n t impulses leave an 
image on the c e n tra l nervous system. I f  the input stim u la tion  (a ffe re n t 
impulse) and the output stim u la tion  (re a ffe re n t impulse from motor ac t) 
are not id e n tic a l,  the organism w il l  engage in  movement u n t i l  these images 
are the same. The organism in  a v isu a lly  inverted  f ie ld  w il l  engage in  
movement u n t i l  the s tim u la tion  received from the eye (a ffe re n t impulse) 
and the motor output ( re a ffe re n t impulse) are the  same, th a t  i s ,  the hand 
w il l  move u n t i l  i t  can touch the object seen by the eye. H eld's use of 
the " rea ffe re n t feedback" concept was th a t  i f  the S ac tiv e ly  moved about 
in  an inverted  or displaced f i e ld ,  th is  self-produced movement would en­
able the S to  e s ta b lish  new visuo-motor coord inations. "Ex-afferenee" 
feedback, or sensory s tim u la tio n  independent of self-produced movement 
would not a id  the S in  adapting to  the d is to r te d  v isu a l f i e ld .
The term "feedback" i s  used here in  both a physio log ical and 
psychological sense0 Thus, fo r  an ind iv idua l to  co rrec t h is  movements 
th e re  must be " rea ffe re n t feedback" (physio log ical) as w ell as awareness 
of the in co rrec t movement (psycho log ical). Knowledge of in co rre c t 
movements and adjustm ents to  be made are gained through the k in e s th e tic , 
ta c tu a l  and v isu a l senses. Held and Hein (1958), fo r  example, found 
th a t  the S 's  ac tive  arm movement f a c i l i t a te d  h is  a b i l i ty  to  lo ca liz e  
poin ts in  space under v isu a l d is to r t io n . In  th i s  experiment Ss wore 
prisms th a t  o rien ted  base r ig h t  or base l e f t  and the ta sk  was one of
lo ca liz in g  in te rse c tio n s  of l in e s  in  a square* More accurate  lo ca tio n  
id e n tif ic a tio n s  -were done by Ss who a c tiv e ly  moved th e i r  own arms in  
c o n tra s t to  those whose movements were done by the E (passive movement) 
or who remained motionless* In  a study by Held and Schlank (1959) dealing  
w ith adap tation  in  the distance-dimension* i t  was found th a t  when th e  S 
moved h is  arm he was more accurate in  lo ca tin g  ta rg e t  po in ts  than when the 
E moved h is arm fo r  him. M ikaelian and Held (1961) fu r th e r  in v es tig a ted  
the a c t iv i ty  v a riab le  by having Ss e ith e r  walk along a f ix ed  path  or by 
having them pushed in  a w heelchair (passive movement) along the same path 
fo r  an hour while wearing prisms th a t  ro ta te d  the v isu a l f ie ld o  They 
found th a t  Ss th a t  had a c tiv e ly  moved about in  the environment adapted or 
compensated fo r  the  prisms more re a d ily  than the Ss covering the  same 
area in  a wheelchair* A daptation was measured by having the Ss make 
luminous lin e  and po in t adjustments*
Environmental P a tte rn in gt Another fa c to r  which may be im portant in  
adap tation  i s  the e ffe c t th a t  a pa tterned  environment,, in  co n trast to  a 
non-patterned (homogeneous) environment^ has on f a c i l i t a t in g  the organism 
in  re in te g ra tin g  d isrup ted  m odalities* A patterned  environment i s  de­
fin ed  as an environment containing ob jec ts normally found in  th e  everyday 
surroundings* A non-patterned environment i s  one co n sis tin g  of a homo­
geneous f i e ld  of vision^ i* e », an environment having no ob jec ts in  view* 
Experiments conducted by Kohler (1962)* Kottenhoff (1957)-> and M iller and 
Kemp (1962) in d ica te  th a t  the manipulable q u a li t ie s  of the objects making 
up the patterned  v isu a l f ie ld  might have an e ffe c t  on the ra te  of adapta­
t io n . Findings from various stud ies by Kohler5 using in v e rtin g  or d is ­
to r t in g  le n se s , lead  to  the  notion  th a t  ob jec ts th a t can be manipulated 
by the organism or give the fe e lin g  of m an ipu lab illty  lead  to  more ready
adap tation  under inversion  than  i s  tru e  fo r  ob jects w ithout th is  q u a lity . 
For example, an in d iv id u a l could adapt to  th ings th a t  could be manipulated 
such as r id in g  a b icycle  more re a d ily  than  he could adapt to  reading*
Also supporting the importance of ob jec ts fo r  adap tation  are 
K ottenhoff's studies*  He found in  h is  experiments dealing w ith up-down 
inverted  v is io n  th a t  tra in in g  in  using ob jec ts in  an everyday environ­
ment was an im portant fa c to r  in  ad justing  to  a d is to r te d  v isu a l sense*
The M iller and Kemp study i s  consisten t with Kohler*s find ings th a t 
c e r ta in  aspects of the environment are more im pressive than  o th e rs . They 
found th a t ob jec ts th a t were c la s s if ie d  as f ig u ra l  evoked more a tte n tio n  
from sub jec ts than ob jec ts considered as ground. Although th is  study did  
not involve v isu a l inversion , the fa c t  th a t f ig u ra l  objects e l ic i te d  more 
a tte n tio n  by the  Ss than background ob jec ts suggests th a t c e r ta in  en­
vironm ental aspects are more l ik e ly  to  be noticed  by people and could, 
th e re fo re , be an a id  to  adap ta tion .
Sex D ifferencesg In v es tig a tio n s  conducted by W itkin (1951+) and another 
study by M ille r and Kemp (1962) in d ica te  th a t  the  S’s sex plays a ro le  
in  the way he re a c ts  to  visuo-m otor tasks and should then a ffe c t adapta­
t io n  to  v isu a l in v ers io n . W itkin, fo r example, found th a t  men were more 
able than  women to  re ly  on body p o s itio n  to  ad ju s t a luminous rod in  a 
frame to  tru e  v e r t ic a l .  In  the M iller and Kemp study, p r io r  to  per­
forming a trac in g  task  while wearing in v e rtin g  prism s, sub jec ts  were p re­
se lec ted  fo r  th e i r  tendency to  unw itting ly  im ita te  the  motion (sway) of 
the experim enter. I t  was found th a t  ind iv idua ls who were ra te d  high on 
the b asis  of im ita tiv e  movements adapted more re a d ily  (b e tte r  eye-hand 
coordination as shown by fewer markings outside the drawing) than those 
ind iv idua ls ra te d  as low on the basis of im ita tiv e  movements. I t  i s  of
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in te r e s t  to  note th a t the high movement group was composed of a nearly  
a l l  male population  while the low movement group consisted  of nearly  a l l  
fem ales. Both stu d ies  in d ica te  th a t  in  adapting to  a v isu a lly  inverted  
f i e ld  th a t men might d isregard  v isu a l cues to  a g rea te r ex ten t than women 
and re ly  on k in e s th e tic  cues in  performing tasks where i t  i s  necessary 
to  d isregard  s tim u li a t  variance w ith the ta sk .
Another fa c to r  th a t  might e f fe c t  adap tation  to  an inverted  v isu a l 
f i e ld  i s  the type of a c t iv i ty  engaged in  by the  organism. According to  
Werner (1957), the f i r s t  response of an organism in  an inverted  f ie ld  
w i l l  be of a gross sensorim otor na tu re , th a t  i s ,  the organism w il l  
le a rn  to  move about in  the d isrup ted  environment, Werner then sta tes,, 
"The fu r th e r  development toward v isu a l adap tation  shows some remarkable 
f e a tu re ss the ob jec ts seem to  f a l l  in to  two c la sse s , th in g s-o f-ac tio n  
and purely  v isu a l th in g s . The observer conquers f i r s t  the th in g s -o f-  
a c tio n  and only l a te r  purely  v isu a l th in g s ,"  Therefore, i f  the  a c t iv i ty  
or tasks requ ire  movements of a gross motor nature the  in d iv id u a l w il l  
adapt o r perform these task s more e f fe c tiv e ly  than  a ta sk  req u irin g  small 
visuo-m otor movements or ta sk s  th a t  depend on v is io n  alone.
The s tu d ies  c ited  in v es tig a ted  the fa c to rs  involved in  adaptation  
but did not sy stem atica lly  vary  or con tro l fo r  the in fluence of a c t iv i ty ,  
in d iv id u a l d iffe ren ces or a pa tterned  (manipulable o b jec ts ) environment. 
The p resen t study w il l  sy s tem atica lly  vary  movement, p a tte rn  and sex 
v a riab le s  w ith regard  to  function ing  on th ree  sensory-motor task s per­
formed in  a v isu a lly  inverted  f i e l d .  I t  i s  hypothesized t h a t&
1, Ind iv iduals th a t  a c tiv e ly  p a r t ic ip a te  w il l  adapt more re a d ily  
than those whose movements are  r e s t r ic te d .
2. Subjects performing in  a pa tterned  (manipulable o b jec ts ) environ­
ment w i l l  adapt to  a much g rea te r  ex ten t than  ind iv iduals in  a homo­
geneous (non-patterned environment).
3„ Male sub jec ts w i l l  show g rea te r adap ta tion  than  female su b je c ts .
k. Tasks req u irin g  fin e  visuo-m otor a c t iv i ty  (reading) should, be 
more su scep tib le  to  changes in  environmental s tim u la tion  than task s which 
requ ire  gross visuo-motor coordination .
METHOD
S ubjects. One hundred Ss (50 male and 50 female) from in troduc to ry  
psychology courses a t  Montana S ta te  U niversity  p a rtic ip a te d  in  th is  experi­
ment. Ages of Ss ranged from 18 to  23. Twenty Ss. (10 male and 10 female) 
were run  in  each of the experim ental conditions.
Apparatus. An experim ental room, approxim ately 5 ? x 8 ',  eovered w ith 
a co u s tica l t i l e  (80$ soundproof) was used fo r  th is  stucfcr. The s id e s , 
c e ilin g  and f lo o r  were covered w ith white sheets in  a c y lin d r ic a l fash ion  
to  block out the corners of the room so th a t Ss had no v isu a l cues as to  
up-down, e tc .  (see F ig . 1 ) . D iffused lig h tin g  was provided by e igh t 
25-watt bulbs pain ted  white and placed in  the  corners and sides of the
In s e r t  F ig . 1 here
room about It* from the f lo o r .  The Ss were seated  a t  one end of th is  
room, approxim ately 6 ' from the opposite end where the objects were 
placed during the 2 conditions req u irin g  environmental s tim u la tio n . The 
experim ental room was designed so th a t  the S could be iso la te d  from con­
ta c t  w ith other ind iv idua ls and stim u la tion  from o ther sources. This 
se t-up  allowed the E to  study changes occuring in  adap tation  th a t  might 
be the r e s u l t  of varying amounts of environmental in p u t.
An experim ental cha ir w ith an ad justab le  head and leg  r e s t  was used 
(see F ig . 2) so th a t  Ss could be held firm ly  but comfortably in  p o s itio n .
In se r t  F ig . 2 here
Leather-covered pads were placed over the hands and fore-arm s and the 
fro n t of the legs from the knee to  the ankle to  reduce ta c tu a l  s tim u la tio n . 
Leather s trap s  held  these pads in  place and reduced the movement o f the S 
to  a minimum.
A 90° x k5° x h$° wedge prism mounted in  a fu ll-face , w e lder's  helmet 
(see F ig . 3) was used to  in v e rt the v isu a l f i e ld .
In se r t  F ig . 3 here
Manipulable ob jec ts in  the experim ental room during Conditions 3 
and k consisted  of a desk* chair* vase of flowers* toy  car and a b u t te r f ly
mobile (see F ig . ii) . f
/
In s e r t  F ig . U here
Other items used in  the  experiment consisted  of a book having large* 
p la in  p r in t  (see F ig . $)s a stop watch* a b s tra c t and concrete drawings of 
a t r a c to r  and b ird s (see F ig . 6a* b* c* d)* a C. H. S to e ltin g  10-form 
wooden formboard (see F ig . 7) and a time clock. An intercom system in  
the experim ental room allowed the E to  -remain in  contact w ith the Ss a t  
a l l  tim e0
In se r t  F ig. 5 here
9
In se r t  F ig . 6 here 
In se r t  F ig. 7 here
Procedure. There were 20 Ss assigned to  the con tro l group and these 
Ss were run before the experim ental groups. This con tro l group was used 
to  provide a baseline  of the ty p ic a l  performance of Ss whose v isu a l 
f ie ld  had been inverted  but who had not experienced the in tervening  iso la ­
tio n  period . In  th is  condition  the Ss reported  to  the experim ental room 
and put on the prism headgear. They were then  presented the th ree  tasks 
and upon completion of the  task s  were to ld  to  re tu rn  a f te r  an hour had 
elapsed . Upon th e ir  re tu rn  to  the  experim ental room, they again put on 
the prism headgear and were again given the th ree  ta sk s .
Eighty Ss were randomly assigned to  one of the follow ing experim ental 
conditions and were taken in to  the  experim ental room a f te r  they  had removed 
th e i r  shoes and put on heavy, woolen sockss
R estricted-U npatterned (RU) condition  -  Subjects in  th is  condition  
were seated  in  the experim ental cha ir and given the th ree  tasks to  perform 
while wearing the prism headgear. Immediately a f te r  completing the ta sk s , 
the S was strapped in to  the ch a ir so th a t  h is  head, arm and leg  movements 
were r e s t r i c te d .  The S was able to  see approximately 6 f t .  d ire c tly  in  
f ro n t of him but h is  environment was unpatterned and th ere  were no ob jec ts 
in  h is  f i e ld  of v is io n . Sensory inpu t from ta c tu a l ,  aud ito ry  and proprio ­
ceptive m odalities was held to  a minimum and the headgear prevented the 
S from viewing h is  own body. The S was then given the follow ing in s tru c ­
tions?: wNow you are to  remain in  th is  room fo r  one hour. During th a t
time I  w i l l  be in  constant touch w ith you on an intercom system. I  w i l l
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contact you a t  th ree  in te rv a ls  during the hour and give fu r th e r  in ­
s tru c tio n s  o Should you need to  contact me a t  any time during the hour 
you may do so . At the end of the hour I  w i l l  contact you on th e  intercom 
system and give you fu r th e r  in s tru c tio n s  before coming in to  the  room0 
Do you have any questions? Keep your eyes closed u n t i l  I  leave the room 
and in s t ru c t  you by intercom th a t  you may open your e y es .”
The E then  removed a l l  ob jec ts from the room and l e f t  the room,, 
contacting the S immediately on the intercom , in s tru c tin g  the S to  open 
h is  eyes and making c e r ta in  th a t  the  S could hear the  E. During the  hour, 
while immobilized, the S received the follow ing in s tru c tio n s  $ "When I  
t e l l  you to  begin , I  want you to  imagine or th ink  about the motions th a t 
you would go through to  perform these various a c t iv i t ie s  th a t I  am going 
to  t e l l  you to  do. Imagine doing these tasks as I  t e l l  you? Imagine 
th a t you are approaching a ch a ir, th a t you are lowering you rse lf in to  
th is  ch a ir , th a t you are now seated and th a t you are now g e ttin g  up.
Imagine reaching your ( r ig h t ,  l e f t ,  e ith e r )  arm ou t, now you are picking
up a toy car and moving th is  car back and fo r th  in  f ro n t  of you. Imagine 
moving your ( r ig h t ,  l e f t ,  e i th e r )  arm up, gently  pushing w ith your hand 
as though se tt in g  a b u t te r f ly  mobile in  motion,,” A ll imagined task s 
were repeated by the E four times in  succession.
At the end of the hour the  E contacted the S on the intercom and 
gave him the follow ing in stru c tio n s?  “Your hour i s  now up, close your 
eyes and keep them closed u n t i l  I  en te r the room and give you fu r th e r  
in s t ru c t io n s .” The E then en tered  the room, removed the s tra p s , placed
the board across the chair arms and had the S repea t the th ree  experi­
mental ta s k s .
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Movement-11npatterned (MU) condition -  In  th is  condition  the S was 
seated  in  the experim ental chair and, while wearing the prism headgear, 
given the 3 experim ental ta sk s to  do. As soon as the ta sk s were fin ish ed  
a l l  ob jec ts (including the experimental cha ir) were removed from the 
room. The S was perm itted  to  move about in  the  room in  a homogeneous 
environment. The S could see p a rts  of h is  body, such as arms and f e e t ,  
but was not perm itted  to  touch the sides of the room so th a t  ta c tu a l  and 
aud ito ry  s tim u la tion  were elim inated as much as p o ss ib le . The follow ing 
in s tru c tio n s  were given to  the Ss "Now you are to  remain in  th is  room 
fo r  one hour. During th a t  time I  w il l  be In  constant touch w ith  you on 
an intercom system. I  w i l l  contact you a t  th ree  in te rv a ls  during the 
hour and give you fu r th e r  in s tru c tio n s . Should you need to  contact me a t  
any time during the hour you may do so . At the  end of the  hour I  w i l l  
con tact you on the intercom system and give you fu r th e r  in s tru c tio n s  be­
fo re  coming in to  the room. Do you have any questions? You may move 
f re e ly  about the room or s i t  on the f lo o r  but do not remove the headgear 
or touch the sides of the room. Keep your eyes closed u n t i l  I  leave the 
room and in s tru c t  you by intercom th a t  you may open your eyes."  The S 
was then asked to  stand up, the experim ental chair was removed and the 
E then  closed the opening In  the cu rta in s  and l e f t  the room. The E 
then contacted the S on the intercom  and informed him th a t  he could open 
h is  eyes. Also, the E checked to  make c e r ta in  th a t  the S could hear the E.
The E gave the S the follow ing in s tru c tio n s  during the hours "When 
I  t e l l  you to  begin, I  want you to  go through the motions fo r  the various 
a c t iv i t ie s  th a t I  am going to  t e l l  you to  do. Go through the motions as 
I  t e l l  yous "You are approaching a ch a ir , you are lowering yourse lf in to  
th is  ch a ir , you are now seated  and now you are g e ttin g  up. iteach out with
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your ( r ig h t,  l e f t ,  e ith e r )  arm,- p ick  up a toy  c a r, move th is  car back and 
fo r th  in  f ro n t of you. Move your ( r ig h t ,  l e f t ,  e ith e r )  arm up, gen tly  
push vrith your hand to  se t  the  b u t te r f ly  mobile in  motion, re tu rn  your 
arm to  your side.*' A ll tasks were repeated  by the E four tim es in  
succession.
The E contacted the S a t the end of the  hour and gave him fu r th e r  
in s tru c t io n st mYour hour i s  now up, p lease  stand , face the back of the 
room, close your eyes, keep them closed u n t i l  I  en te r the room and give 
you fu r th e r  i n s t r u c t i o n s T h e  E then en tered  the experim ental room, 
brought the experim ental cha ir back in to  the  room, seated  the S in  the 
ch a ir, p lace the board across the chair arms and gave the  th ree  experi­
mental tasks to  the S.
R estric ted -P a tte rned  (RP) condition  -  The Ss in  th is  condition were 
seated in  the experim ental ch a ir and asked to  perform the th ree  experi­
mental task s while wearing the prism headgear. When the ta sk s  were 
completed the S was r e s t r ic te d  to  the  experim ental chair so th a t  movement 
by the S of arms, legs and head was reduced and a lso  viewing the body was 
e lim inated . D irec tly  in  f ro n t  of the S, approximately 6 f t .  from him 
and w ith in  h is  range of v is io n  were ob jec ts such as a ta b le ,  ch a ir , 
flow ers, toy  ear and a mobile. T actual, aud ito ry  and k in e s th e tic  input 
were reduced as much as p o ss ib le . The Ss in  th i s  condition  were given 
the  same in s tru c tio n s  as the Ss run under the  R estricted-U npatterned 
condition .
Movement-Patterned (MP) condition  -  The Ss, wearing the  prism  head­
gear, were seated  in  the experim ental chair u n t i l  completion of the th ree  
experim ental ta s k s . Upon completion of these  tasks the  experim ental chair 
was removed from the room and the S was allowed to  move about in  th e  room.
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The S could see a chair* table* flowers* mobile and toy car a t  one end 
of the room but was in s tru c te d  not to  use these ob jec ts unless to ld  to  
do so by the E. The same in s tru c tio n s  were given to  the  Ss in  th is  
condition th a t  the Ss received  in  the condition allowing movement but 
having a homogeneous environment.
A ll Ss were contacted a t  15-minute in te rv a ls  during the hour experi­
mental condition*
In  a l l  experim ental conditions the Ss were to ld  th a t  the  E was in ­
te re s te d  in  find ing  out how people behaved in  an inverted  f ie ld  and th a t  
they would be given th ree  experim ental tasks to  t e s t  fo r  ad ap ta tio n . The 
E then  asked the S to  put the  prism headgear on and made any necessary 
adjustments a f te r  which the  S was to ld  to  close h is  eyes u n t i l  the  task s  
were presen ted . A board was placed across the arms of the  experim ental 
chair to  provide the S w ith a working space fo r  the ta s k s . The task s  
were then presented randomly to  each S.
Three tasks were used to  measure the amount of adap tation  th a t  had 
taken  place during the experim ental cond itions. The task s se lec ted  were 
reading* tracing* and a formboard task  and were chosen on the b asis  of 
W erner's (1957) developmental theory* th a t  development follow s an o rd erly  
sequence proceeding " ...f ro m  a s ta te  of r e la t iv e  g lo b a lity  and lack  of 
d i f f e re n t ia t io n  to  a s ta te  of increasing  d iffe re n tia tio n *  a rticu la tio n *  
and h ie ra rch ic  in te g ra tio n * 18 In  adapting to  a v is u a lly  inverted  f i e ld  
th is  same progression  would be followed* adap tation  tak ing  place f i r s t  
on a gross sensorim otor lev e l involving large  bo^y movements,.and as the 
adap tation  increased  sm aller sensorim otor coordinations would take p lace . 
The formboard ta sk  would involve a comparatively gross le v e l of body 
a c tiv ity *  the  S could make use of large body movements to  perform th is  
ta s k . A f in e r  visuo-motor coordination would be necessary fo r  the trac in g  
ta sk  and the S would engage in  more lim ited  and f in e r  body movements.
l l j .
The reading ta sk  would req u ire  the  f in e s t  visuo-motor movements as only 
the eyes would be involved.
In  the  reading task  the book se lec ted  was a t  the 12-year age le v e l, 
w ith la rg e , easy-to -read  p r in t .  The measure fo r  th is  ta sk  was the number 
of words c o rre c tly  read . Two paragraphs of approximately equal d i f f ic u l ty  
and length  (109 and 130 words) were se lec ted  fo r  th is  ta sk  (see F ig . 5 ) , 
The Ss were asked to  read one paragraph before the hour experim ental 
condition  began and then read  the second paragraph a t  th e  end of the  hour. 
Two minutes were allowed fo r  each reading ta sk . A ll Ss were given the 
same paragraph fo r  the f i r s t  and second read ings. In s tru c tio n s  given by 
the E' to  the S fo r  th is  ta sk  were as follow s 2 "This i s  a reading ta sk  
and in  f ro n t of you on the board i s  a book. I  want you to  read  aloud to  
me and i f  you are unable to  id e n tify  a word, leave th a t  word and go on 
to  the next word. Do not touch the book w ith your hands. Do you have 
any questions?' Open your eyes, can you see the book? Begin reading 
where my p e n c il i s  po in ting  when I  t e l l  you to  s t a r t  and continue reading 
u n t i l  I  t e l l  you to  s to p . Ready? Begin. Stop, close your eyes."
The trac in g  task  consisted  of four f ig u re s , one a b s tra c t and one 
concrete drawing of two b ird s  and one a b s tra c t and one concrete drawing 
of a t r a c to r  (see F ig. 6 a ,b ,c ,d ) .  The a b s tra c t drawings consisted  of 
only the ou tline  of the b ird s  and t r a c to r ,  while the concrete drawings 
had completed fig u res  of the  b ird s  and t r a c to r .  Both the b ird s  and 
tr a c to r  drawings were approxim ately 28" in  circum ference. A 2 -lin e  
channel, l/kn wide, made up the ou tline  of a l l  trac in g s  and the measure 
fo r  th is  ta sk  was the number of tim es the S crossed these l in e s  while 
trac in g  the f ig u re .  A ll trac in g s  were presented to  the  Ss before the 
hour experim ental condition  and a t  the end of the hour. Tracings were
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presented in.random order each tim e. Two minutes were allowed for  
completion of each drawing. Instructions given fo r  th is  task  were as 
follow s? "'This task  i s  a tracing task . There w i l l  be four drawings that 
you are to  trace around,, keeping between the lin e s  that make up the f ig u r e .  
Work as accurately  and rap id ly  as you can u n t i l  you have e ith er  completed 
the drawing or u n t i l  I  t e l l  you to  stop . Do you have any questions?
Open your eyes,, can you see the figure? Here i s  your pencil,, plaee i t  
where my p en c il i s  p o in tin g . You may go in  e ith e r  d irectio n  on the draw-
in gs but once sta rted  continue in  that d irec tio n . Are you ready? Begin.
00
Stopj c lo se  your eyes.
The formboard task  (see F ig , 7) consisted  of having the  Ss put 10 
wooden forms back in  the proper p o s itio n  on the  S to e ltin g  formboard. The 
measure fo r th is  ta sk  was the  amount of time needed to  complete the  ta s k . 
The Ss did the formboard task  a t  the beginning and end of th e  experim ental 
hour. The in s tru c tio n s  given on th is  ta sk  were g wThis ta sk  i s  a form­
board ta s k , I  w il l  place various forms in  f ro n t of you. When I t e l l  you
to  begins pick up these forms one at a time and put them in  the appropriate
%
place on the boardo Do you have any questions? Open your eyes and t e l l  
me i f  you can see the formboard. Reacty-? Begin. Close your e y e s .W
A ll tasks were presented to  the Ss w hile wearing the prism headgear. 
Each S was tested  in  the experimental room w hile seated in  the experimental 
chair0 A board was placed across the chair arms to  serve as a working 
area for  the S so that a l l  tasks were w ith in  range o f the S 's  v isu a l  
f ie ld  and w ith in  easy reach of the S . The only portion of S 's  body 
that could be seen by the S during the tasks was the hand used to  perform 
the a c t iv i t i e s .
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RESULTS
Three experim ental ta sk s  were used to  determine whether varying 
amounts of adap tation  had re s u lte d  from the  Ss experiencing d if fe re n t 
experim ental conditions,, Each ta sk  was analyzed sep ara te ly  and w i l l  be 
presented separately ,,
In  analyzing the formboard ta sk  by a 3-way f a c to r ia l  an a ly sis  of 
variance w ith c o rre la tio n  on one measure the th ree  fa c to rs  included sex, 
the four experim ental conditions and the pre and post conditions,. S ig n if i­
cant r e s u l ts  were found between the pre and post conditions (F -  li,50, 
df s* l /? 2 , p < o05)o Table 1 in d ica te s  th a t  no s ig n if ic a n t d ifferences 
were found between males and females and th a t  th e re  were no s ig n if ic a n t 
main e ffe c ts  or in te ra c tio n s  between the experimental conditions* This 
would in d ica te  th a t performance on th is  ta sk  was not a ffec ted  by sex 
d iffe ren ces , movement nor p a tte rn ing  of the  environment*
In se r t  Table 1 here
The con tro l group's r e s u l ts  on the  formboard ta sk  were analyzed 
by a Type I  analysis of variance based on sex and pre and p o st 
conditions. This analy sis  showed a s ig n if ic a n t d ifference  between the  
pre and post conditions (F ■» 23*18, df s  l / l 8 ,  p4.*01)*
Figure 8 gives the pre and post performance means of a l l  groups 
fo r  the formboard ta sk . I t  can be seen th a t  a l l  groups improved th e ir  
performance on the post ta sk  bu t a l l  groups scored s im ila rly  on the pre 
and post performance.
In se r t  F ig , 8 here
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The reading  ta sk  fo r  the four experim ental groups was a lso  analyzed 
by a 3“Way f a c to r ia l  an a ly sis  of variance w ith  c o rre la tio n  on one measure. 
Results of th is  analy sis  show a s ig n if ic a n t  d iffe rence  between the  pre 
and post conditions (F ■ 13ol*7j> df « l /7 2 , p^Lo01)9 but no s ig n if ic a n t 
r e s u l ts  were found fo r  e i th e r  the experim ental conditions or between 
males and females (see Table 2 ) . These r e s u l ts  again in d ica te  th a t  
varying the experim ental conditions did not a f fe c t  performance in  
reading nor did sex d iffe ren ces have an e f f e c t .
In s e r t  Table 2 here
A Type I  analy sis  of variance ind ica ted  a s ig n if ic a n t d ifference  
between the  pre and p o st conditions (F = 20.57s df = l / l 8 a p ^ .0 1 )  fo r  
the con tro l group on the  reading ta sk .
The pre and post performance on the  reading task  fo r  a l l  groups 
i s  shown in  F ig . 9. Again,, a l l  groups improved between the pre and 
post performance but no s ig n if ic a n t d ifferences re su lte d  as a r e s u l t  
of the experim ental cond itions.
In se r t  F ig . 9 here
A 3-way f a c to r ia l  an a ly sis  o f variance was a lso  used fo r  the tra c in g  
ta sk . When combined scores were usedj, s ig n if ic a n t  r e s u l ts  were found 
between the pre and post conditions (F 133»665 df » l /7 2 s p 4 .0 1 )s 
and between males and females (F = 12.08^ df ® 1/72* p < o01)o Table 3 
shows th a t d ifferences between experim ental conditions were not 
s ig n ific an t^  in d ica tin g  th a t  performance on th is  ta sk  was not a ffec ted  
by movement or p a tte rn in g .
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In se r t  Table 3 here
A Type I  analysis of variance performed on the con tro l group’s 
scores on the  tra c in g  ta sk  found s ig n if ic a n t d ifferences between males 
and females (F ■* Uo.76«, cLf ® 1/18,, p ^ .o05) and between the pre and post 
performances (F » 5UoG3, df -  l / l 8 s p ^ .O O l).
Figure 10 shows means fo r  pre and post performances on the tra c in g  
task  fo r  a l l  groups, in d ic a tin g  th a t  a l l  groups s im ila r ly  improved on 
performance between the pre and post tasko
In se r t  F ig 0 10 here
The ab strac t-co n cre te  fa c to r  in  the tra c in g  task  was analyzed by 
a 3.-way f a c to r ia l  analysis o f variance (c o rre la tio n  on one measure)„ 
Table Ij. shows th a t  the only s ig n if ic a n t  r e s u l ts  were between the pre 
and post performances (F ■= 10?o9li5 df « l /7 2 , p ,4 0 1 )o  Performance 
on the  trac in g  ta sk  was not s ig n if ic a n tly  a ffec ted  by the contents or 
lack of contents of the drawings„
In se r t  Table ij. here
DISCUSSION
This study was conducted to  determine what e f fe c t  the fa c to rs  of 
body movement, environment and sex d iffe rences would have on adaptation  
to  a v isu a lly  inverted  fie ld*
The f i r s t  hypothesis s ta te d  th a t  in d iv id u a ls  who a c tiv e ly  moved 
th e i r  bodies in  an inverted  f ie ld  would adapt to  a g rea te r ex ten t than
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Ss who were r e s t r ic te d  or passive . This hypothesis was not supported 
when the performances on the experim ental task s o f Ss in  the four experi­
mental conditions were compared. I t  was found th a t  i t  apparently  made no 
d iffe ren ce  in  an S 's  adap tation  whether the S could move about or whether 
he was in  a r e s t r ic te d  s i tu a tio n . In  co n trastin g  the performances on the 
formboard, trac in g  and reading task s of the experim ental Ss w ith the con­
t r o l  Ss (see P igs. 8, 9, 10) i t  can be seen th a t the in terven ing  experi­
m ental condition between the pre and post performances had no e f fe c t  on 
adap tation  but th a t  a p rac tice  e f fe c t  was presen t fo r a l l  groups between 
th e i r  pre and post performances.
The s tu d ies  conducted by Held and o thers suggested th a t  movement was 
an im portant fa c to r  in  adap ta tion . In  comparing th is  study with those by 
Held and o th ers , s im ila r r e s u l ts  were not obtained although a l l  s tu d ies  
had Ss th a t engaged in  self-produced movements and Ss th a t  were in  a re­
s t r ic te d  or passive s i tu a tio n . In  explain ing the inconsistency  of r e s u l ts  
in  the s tu d ie s , i t  i s  suggested th a t  a d ifference  in  the a c t iv i t ie s  re ­
quired of the Ss in  the r e s t r ic te d  conditions o f th is  study may have 
re su lte d  in  the ro le  of movement not being a s ig n if ic a n tly  f a c i l i t a t iv e  
fa c to r  in  adap tation . In  the present study, during the hour th a t  the Ss 
were in  the r e s t r ic te d  experim ental conditions they were required to  
a c tiv e ly  th ink  of the movements they would o rd in a rily  go through to  
perform c e r ta in  a c tio n s . The re s u l ts  obtained in  th is  study may be an 
in d ic a tio n  th a t  ac tu a l movement i s  not necessary fo r  adaptation  but th a t 
th ink ing  about intended a c t iv i ty  w il l  produce cues to  re in te g ra te  v isuo- 
motor coord inations.
The second hypothesis s ta te d  th a t  a pa tterned  environment, in  con­
t r a s t  to  a homogeneous (non-patterned) environment, might be a fa c to r  in
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adap ta tion . In  analyzing the r e s u l ts  from the th ree  experim ental ta sk s 
i t  was found th a t p a tte rn in g  or lack  of p a tte rn in g  in  the environment did 
not a id  or hinder adap tation . Again, in  looking a t  F igs. 8, 9* and 10, 
i t  can be seen th a t a l l  experim ental groups, regard less of whether in  a 
p a tterned  or homogeneous environment, showed an improvement in  th e i r  post 
performance on a l l  th ree  experim ental ta sk s . Since the con tro l group 
showed sim ila r performance records on these ta sk s , th i s  would in d ic a te  
th a t  the r e s u l ts  obtained were influenced by p ra c tic e  on the task s ra th e r  
than by experim ental cond itions.
The experim ental task s were se lec ted  on the basis  of Werner’s 
’’system atic developmental p ro g ress io n ,” th a t  gross motor performance 
develops f i r s t ,  followed by f in e r  motor responses. The formboard task  
was considered to  involve gross motor a c t iv i ty  with the trac in g  task  re ­
qu iring  f in e r  visuo-motor coordinations while the  reading task  was con­
sidered to  be the most complex and to  requ ire  very f in e  visuo-motor 
movements. I t  was hypothesized th a t  a c t iv i t ie s  requ iring  very f in e  motor, 
movements would be more se n s itiv e  to changes in  the  environment. However, ( 
while a l l  experim ental tasks revealed  improvement in  performance between 
pre and post records there  was no in d ic a tio n  th a t performance on any of 
the task s was influenced by the v a ria tio n s  in  the  experim ental cond itions. 
Possib ly  the task s did not d i f f e r  enough as both the formboard and trac in g  
ta sk s  involved movement o f a hand and a l l  th ree  tasks requ ired  v is io n . I f  
the gross motor task s had required the use of the e n tire  body and the 
very fin e  visuo-motor movement task  had been one involving reading m ateria l 
a t  a more d i f f i c u l t  le v e l o r a more demanding conceptual task  perhaps 
performance on the tasks would have shown a more d iscrim inatory  response 
to  environmental changes.
2 1
The study by M ille r and Kemp, suggesting th a t some aspects of the 
environment a t t r a c t  more a tte n tio n  than o thers , suggested th a t  type of 
trac in g  (a b s tra c t or concrete) might have an e f fe c t  on adap ta tion . How­
ever, r e s u l ts  from th is  analy sis  did not reveal any s ig n if ic a n t d iffe rences 
due to  the c h a ra c te r is t ic s  of the drawings although i t  was f e l t  th a t  Ss 
would have le s s  d i f f ic u l ty  trac ing  the a b s tra c t drawings while the con­
c re te  f ig u res  would be more d i f f i c u l t .  The general trend  was fo r Ss 
to  show an improvement w ith each successive trac in g  regard less of whether 
i t  was a b s tra c t or concrete , suggesting th a t p rac tic e  alone f a c i l i t a te d  
performance. I t  i s  f e l t  th a t  the Ss concentrated on the o u tlin e  o f the 
trac in g s  and on the movement o f th e ir  hand and were not a ttending  to  the 
content of the f ig u re  as they were not required  to  make use of the meaning 
o f the m a te ria l.
Although i t  was hypothesized th a t males would show g rea te r adaptation  
than fem ales, the opposite r e s u l ts  were found fo r one experim ental ta sk .
I t  was f e l t  th a t males would show g rea te r adaptation  on a l l  th ree  experi­
m ental task s but the trac in g  task  was the only ta sk  to  in d ica te  th a t  sex 
d iffe ren ces  might be a fa c to r  in  adapting to  a v isu a lly  inverted  f i e ld .  
N either the formboard nor the reading tasks d iscrim inated  between male 
and female performances. On the  formboard task  where la rge  body move­
ments could be used both males and females d id  equally  w e ll. The reading 
ta sk , dependent on eye movements only, was equally  d i f f ic u l t  fo r  both 
sexes.
W itkin’s study and the M ille r and Kemp study suggested th a t men would 
be more able to  d isregard  v isu a l cues and re ly  on body cues in  performing 
ta sk s  involving both v isu a l and k in e s th e tic  cues but th is  was not the
2 2
find ing  of th is  study. I t  i s  suggested th a t  the females e ith e r  d isregarded 
the body cues (arm movements) o r were able to  in te g ra te  both v isu a l and 
body cues fo r  a more e ffe c tiv e  performance,
One fa c to r  th a t may have influenced the re s u l ts  obtained in  th is  
study was the sem i-iso la tio n  period  between the pre and post performances 
on the experim ental ta sk s . A ll Ss experienced th is  sem i-iso la tio n  period 
fo r  one hour. During th is  hour they were contacted by the  E a t  th ree  
d if fe re n t  in te rv a ls  but had no o ther aud ito ry  stim u la tion , Also, the 
ta c tu a l  and v isu a l s tim u la tion  during the r e s t r ic te d  conditions was very 
lim ite d  w ith s l ig h tly  more stim u la tion  ex is tin g  during the movement condi­
t io n s , However, in  order to  co n tro l the environment so th a t  c e r ta in  
v a ria b le s  could be manipulated (movement; p a tte rn in g ) i t  was considered 
d esirab le  to  keep the Ss in  sem i-iso la tio n . S tudies by S tra tto n , Snyder 
■and Pronko, Kohler, and K ottenhoff were conducted in  a normal, s tab le  en­
vironment which aided adap tation . I t  i s  suggested th a t  in  th is  study the 
e f fe c t  of being p a r t ia l ly  iso la te d  may have been a d isru p tin g  in fluence 
which counteracted the experim ental conditions,
SUMMARY
In  th is  study the ro le s  of movement, environment and sex d iffe ren ces 
were re la te d  to  adap tation  to  a v isu a lly  inverted  f ie ld .  One hundred Ss 
were used, 20 (10 males and 10 females) in  a con tro l group and 20 (10 
males and 10 females) in  each of four experim ental cond itions. Three 
experim ental ta sk s , reading, tra c in g , and a formboard, were used to  measure 
the amount o f adaptation  th a t had taken p lace . A ll th ree  task s were ana­
lyzed separa te ly  by a 3-way f a c to r ia l  analy sis  o f variance . R esults in ­
d ica ted  th a t  a l l  groups improved between the pre and post performances on 
the th ree  tasks but adaptation  was not a ffec ted  by the experim ental condi­
t io n s .
REFERENCES
Ashby, W. R. Th® physical o rig in  of adaptation  by t r i a l  and e rro r .
£• Psychol. . 1945? 32, 13-25.
Held, R«, & Hein, A. V. Adaptation o f disarranged hand-eye coordination 
contingent upon re -a f fe re n t  s tim u la tio n . P ercep t, mot. S k i l ls .  1958,
8, 87-90.
Held, R ., & Sehlank, M. Adaptation to  disarranged eye-hand coordination 
in  the d istance  dimension. Amer. J .  Psychol. . 1959, 72, 603-605.
Kohler, I .  In  the Innsbruck s tud ies  in  d is to r te d  v isu a l f ie ld s  in  r e la ­
tio n  to  an organismic theory o f percep tion , H. Werner Sc S. Wapner.
J .  psych. Review. 1955, 62, No. 2.
Kohler, I .  In  Perception and motion. K. U. Smith and W. M. Smith. 
Philadelph ias Saunders, 1962.
K ottenhoff, H. S itu a tio n a l and personal in fluences on space percep tion  
w ith experim ental sp ec tac les . P a rt One g Prolonged experiments w ith 
in v e rtin g  le n se s . Aota Psychologies. 1957, 13, 79-97.
M ikaelian, H., Sc Held, R. Two types o f adap tation  to  an o p tic a lly -  
ro ta ted  v isu a l f i e ld .  Paper presented a t  APA, 1961.
M ille r , A., & Kemp, E. P ersona lity  s ty le  and percep tual r e a c t iv i ty  to  
the immediate environment. J .  abnorm. soc0 Psychol. . 1962, 65,
No. 5, 333-337.
M ille r, A., Sc Kemp, E. Unpublished prism study, 1962.
Snyder, F. W., & Pronko, N. H. Vision with s p a t ia l  in v ers io n . Wichitag 
Univ. o f W ichita P ress, ,1952.
S tra tto n , G. M. Vision w ithout inversion  of r e t in a l  image. Psychol. Rev. .  
1897, 4, 341-360.
24
Ion H olst, He In Perception and motion,, K. U. Smith & W. M. Smith. 
Philadelphias Saunders, 1962.
Werner, H. The concept o f development from a comparative and organ!smie 
po in t o f view. H arris , D. B. (Ed.) The concept of developments An 
issu e  in  the study o f human behavior. U niversity  o f Minnesota P ress, 
1957.
W itkin, H., e t  a l„  P e rso n a lity  through percep tion , an experim ental and 
c l in ic a l  study. New Yorks Harper, 1954»
T a b l e  1
Analysis o f Variance o f Formboard Task 
(Scores in  Terms of Seconds Required to  Complete Task)
Sources d f MS F
Exp. Cond. 3 1714-o 57 0.56
Pre and Post 1 74-, 520.00 45.05*
Cond. x Pre and Post 3 2333.4-5 1.41
Male and Female 1 8599.56 2.83
Male and Female x Pre and Post 1 6039.30 3.65
Male and Female x Cond. 3 6147.90 2.00
Male and Female x Cond. x Pre 
and Post 3 1250.21 0.76
Subjects 72 3036.00
Subjects x Pre and Post 72 1654.10
*E <  .01
T a b l e  2
Analysis o f Variance fo r  Reading Task 
(Scores in  Terms of Correct Words Read)
Sources d£ SS I
Exp, Cond, 3 491.82 0.03
Pre and Post 1 2472.76 13.47*
Cond, x Pre and Post 3 71.30 0.04
Male and Female 1 486.51 0.03
Male and Female x Pre and Post 1 486.51 2.65
Male and Female x Cond, 3 4173.52 2.50
Male and Female x Cond, x Pre 
and Post 3 144.06 0.78
Subj ec ts 72 1662.78
Subjects x Pre and Post 72 183.56
*B< .01
T a b l e  3
Analysis of Variance fo r  Combined Pre and Post Scores on Tracing Task 
(Measure Was Number o f Times Crossed Channel Lines)
Sources d f MS F
Exp. Cond. 3 2456.86 0.51
Pre and Post 1 " 193,279.51 133.66**
Cond. x Pre and Post 3 624.98 0.43
Male and Female 1 57,798.01 I2;t>g# '
Male and Female x Pre and Post 1 1696.50 1.17
Male and Female x Cond. 3 356.22 0.07
Male and Female x Cond. x Pre
and Post 3 347.86 0.24
Subjects 72 4783.87
Subjects x Pre and Post 72 1446.01
■*
** E <  .001
T a b l e  4
Analysis o f Variance fo r  A bstract and Concrete Factor in  Tracing Task 
(Measure Was Humber of Times Channel Lines Crossed)
Sources d f MS I
Abst. and GonCo 1 304^.28 2.14
Pre and Post 1 96,639.75 227.90#
Abst. and Cone* x Pre and Post 1 54.8.63 1.29
Exp* Cond. 3 1228.43 0.41
Exp. Cond. x Pre and Post 3 312.50 0.74
Exp. Cond. x Abst. and Gone. 3 29.46 .01
Abst. and Cone, x Cond. x Pre 
and Post 3 157.59
Subjects 72 2994.12
Subjects x Pre and Post 72 424.05
FIGURE CAPTIONS
Figure 1 . Experimental room as i t  appeared fo r conditions requ iring
a homogeneous environment.
Figure 2. Experimental chair w ith movable head and leg  r e s t .
Figure 3® Welder’s helmet used to  hold the in v e rtin g  prism.
Figure 4® Experimental room and lo ca tio n  of ob jec ts  fo r patterned
environment.
Figure 5® Paragraphs se lec ted  fo r  the reading task .
Figure 6a. Concrete drawing of b ird s .
Figure 6b. A bstract drawing of t r a c to r .
Figure 6c. Concrete drawing of t r a c to r .
Figure 6d. A bstract drawing of b ird s .
Figure 7. G. H. S to e ltin g  10-form wooden formboard.
Figure 8. Pre and post performance (means) o f a l l  experim ental con­
d itio n s  and the con tro l group on the formboard ta sk .
Figure 9® Pre and post performance (means) o f a l l  experim ental con­
d itio n s  and the con tro l group on the reading ta sk .
Figure 10. Pre and post performance (means) o f a l l  experim ental con­
d itio n s  and the con tro l group on the tra c in g  ta sk .
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F I G U R E  4
Morgan to ld  every man in  h is  o u t f i t  exac tly  what he wanted. The 
sharpshooters were to  hide behind tre e s  and w ait t i l l  the enemy got to  
w ith in  150 fee to  Then they were to  take c a re fu l aim and make every 
shot count« A fter only two vo lleys the sharpshooters could f a l l  back 
to  the second l in e —the m il i t ia —-f ir in g  as they withdrew. The m il i t ia  
were asked to  aim c a re fu lly  and to  s tay  as long as they could. But 
when they f e l t  they had had a l l  the punishment they could stand , they  
were to  r e t r e a t .  They were to  march around behind the  C ontinen tals.
There they could form up to  f ig h t  again i f  they wished.
Green’s remark may seem odd, since h is  sm all army was s t i l l  pursued 
by a big army he d id n 't  dare f ig h t .  But Greene knew from h is  own ex­
perience th a t  th e re  was p ra c tic a lly  no food and s h e lte r  in  North C arolina, 
He knew how hard i t  was going to  be to  march across the sandy pine p la in s  
and through the swamps and r iv e rs  swollen by February ra in s .  And h is  
bold p lan  was to  keep Cornwallis running a f te r  him, leading the B ritish  
in to  exhaustion a l l  the way to  the V irg in ia  border. Brave and w e ll-  
tra in e d  though they were, Cornw allis' men were used to  a well-managed 
army th a t  fed  them on time and kept them warm and dry . Greene was 
sure th a t  the B ritish  would su ffe r  much more under wretched conditions 
than h is own men.
F I G U R E  5
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